• Tagliatelle was enriched with autoclaved and common whole buckwheat flour • The mineral bioavailability was slightly improved by buckwheat flour addition • The autoclaving significantly reduced phytic acid content of cooked tagliatelle • Autoclaving represents a promising strategy for modifying phytic acid content • Zinc bioavailability is not inhibited by phytate content
Inadequate diets with insufficient content of nutrients may cause severe disorders (anemia, rickets, osteoporosis, and diseases of the immune system). Maintaining the mineral balance requires not only the intake of foods rich in minerals, but achieving the mineral bioavailability. The amount of mineral that is available to be absorbed can be affected by numerous factors such as the presence of antinutrients, polyphenols, fibres, competition with other nutrients [1] , presence of proteins and fermentable carbohyd-vegetarian and diets of inhabitants of rural areas in developing countries and 150-1400 mg for mixed diets [6] . These high phytate intakes are correlated with poor iron and zinc status in preschool children [7] . There have been a number of studies which deal with the determination of phytate content in different foods [1, 5, 8, 9] as well as the methods of phytate content reduction. For that purpose, germination, soaking, cooking, and fermentation have been investigated [10, 11] .
Pasta has traditionally been produced from durum wheat and consumed worldwide. In the regions where durum wheat is not grown, bread wheat is used for pasta production, because of availability and lower prices. Durum wheat pasta is low in proteins, essential amino acids, vitamins and minerals [12] and, therefore, functional ingredients have been used to improve its nutritional and functional quality [13, 14] . However, incorporation of functional ingredients increases the cost of the final product and detailed analysis of the market is necessary in order to make production profitable. For example, Vukoje et al. [15] showed that the difference in production costs between spelt and wheat pasta results mostly from the higher cost of spelt flour. On the Serbian market, wheat pasta costs from € 1.5 to 4.0 per kg depending on quality and manufacturers. On the other hand, whole grain wheat pasta costs from € 2.0 to 4.7 per kg, spelt pasta costs about € 5.5 per kg, buckwheat pasta from € 2.6 to 4.7 per kg, and rice pasta from € 10.5 to 21.0 per kg.
The strategy of functional ingredients incorporation into pasta formulation is also recognized as a good choice for overcoming nutrient deficiency caused disorders [16] since pasta is frequently consumed. Buckwheat flour has been proven as a functional ingredient for added-value pasta [17] . Although buckwheat flour represents a rich source of proteins, minerals, antioxidants and dietary fibres [18] , its PA content may be high, especially when whole buckwheat flour is used for product enrichment since PA is highly concentrated in the bran [19] . However, whole buckwheat flour also provides four-to five-fold more minerals than refined flour [2] and, therefore, bioavailability data of buckwheat minerals are of interest [20] .
Autoclaving is one of hydrothermal processes usually used to facilitate flaking of the groats or to prevent their rancidity during storage [21] . In addition to these, Jambrec et al. [22] and Yoo et al. [23] employed autoclaving in order to prevent the rutin loss and quercetin increase in a final product. Moreover, Avanza et al. [24] used autoclaving to reduce content of antinutritional components (tannins and phytic acid) in cowpeas.
The objective of the present paper was to study the effect of autoclaving on the phytate reduction and its influence on mineral bioavailability of whole buckwheat flour and buckwheat-enriched tagliatelle.
MATERIALS AND METHODS

Raw materials
Common whole wheat flour (WWF) (moisture 12.02%, protein (Nx5.7) 13.60%, fat 1.63, ash 1.20%, reducing sugars 1.55% and starch 72.00%) was purchased from the local market (Žitko, Bačka Topola, Serbia) and common buckwheat grains were purchased from Hemija Commerce, Novi Sad, Serbia. Non-treated whole buckwheat flour (NBF) (moisture 11.81%, protein (Nx5.7) 15.24%, fat 3.24, ash 2.65%, reducing sugars 2.30% and starch 71.60%) was obtained by grinding the whole buckwheat grains (with hull) on a stone mill (mill stone diameter 1000 mm; Rajica Topalović and son, Trstenik, Serbia). After grinding, the material was sieved (100-mesh screen) to obtain the flour with a very small portion of hull.
Autoclaving of buckwheat grains
Buckwheat grains were placed directly into an autoclave container and autoclaved at 120 °C and 0.2 MPa for 10 min (Autoclav STERICLAV -S AES-75, Raypa trade, Barcelona, Spain). After the treatment grains were spread out on trays and left overnight at 25 °C. The autoclaved whole buckwheat flour (TBF) (moisture 13.10%, protein (Nx5.7) 12.99%, fat 3.43, ash 2.38%, reducing sugars 1.89% and starch 69.92%) was obtained by grinding the autoclaved whole grains with hull on a stone mill (mill stone diameter 1000 mm; Rajica Topalović and son, Trstenik, Serbia) and sieved (100-mesh screen). The obtained buckwheat flour represented a mixture of ground aleuron seed layer, germ, and a very small portion of hull.
Tagliatelle production
Seven different types of tagliatelle ( Figure 1 ) were produced on an industrial scale (capacity 80 kg/h) using single screw extruder (Ital past Mac 60 Pasta Maker Extruder, Parma, Italy) by substituting whole wheat flour with different amounts (10, 20 and 30 g/100 g) of NBF or TBF in tagliatelle formulation. Whole wheat tagliatelle was produced as a control.
Different types of flour were first mixed and hydrated with tap water in order to achieve proper dough consistency. The obtained dough was extruded and the tagliatelle was dried in a dryer (Ital past D200, Parma, Italy) using a low temperature drying procedure at approximately 50 °C for 13.5 h until the final relative humidity was between 75 and 77%. 
Tagliatelle cooking
Tagliatelle was cooked according to modified AACC [25] which implies cooking in distilled water without salt addition. Tagliatelle were cooked until the optimum cooking time was reached, after which it was drained and dried at 45 °C for 1 day. Drained cooked and uncooked tagliatelle were ground using 1095 Knifetec laboratory mill.
Mineral composition
Mineral composition (Ca, Mg, K, Zn, Fe, Cu, Mn and Na) of WWF, NBF, TBF and all pasta samples (uncooked and cooked) was determined using a Varian Spectra AA 10 (Varian Techtron Pty Ltd., Mulgrave Victoria, Australia) atomic absorption spectrophotometer equipped with a background correction (D2-lamp). The sample preparation consisted of a dry ashing procedure at 450 °C as described by Pavlović et al. [26] .
Phytic acid
Phytic acid was determined by the method described by Haug and Lantzsch [27] . Phytic acid was extracted from 0.5 g of sample with 0.2 M HCl for 3 h followed by centrifugation at 3000 rpm (1006.2 g) for 30 min. The extract (0.5 mL) was mixed with 1 mL of ferric ammonium sulphate solution (0.2 g of NH 4 Fe(SO 4 ) 2 ⋅12H 2 O in 100 mL 2 M HCl and made up to 1000 mL), incubated in a boiling water bath for 30 min and then cooled in an ice water bath until reached room temperature. After the cooling, 2 mL of 2,2´--bipyridine solution (1 vol.%) was added. The absorbance was measured immediately at 519 nm (6405 UV/Vis, Jenway, Stone, Staffordshire, UK) and phytic acid content was calculated using the calibration curve. Calibration was set up with the reference solutions prepared by diluting the stock solution (1.3 mg/mL phytic acid) with 0.2 M HCl in the range of 0.1 to 1.0 mg/mL. 
RESULTS AND DISCUSSION
Mineral composition
Both whole buckwheat flour samples (NBF and TBF) had significantly (p < 0.05) higher mineral content compared to the whole wheat flour (WWF, Table  1 ). Compared to the WWF flour, buckwheat flour samples contained more minerals, as follows: 120--140% for Mg, 20-44% for Ca, 30-38% for Zn, 61-71% for Cu, 58-112% for Mn, 69-74% for Fe and 42-46% for K. Similar results were reported by Bilgiçli [28] and Steadman et al. [19] . Comparing the mineral content of TBF and NBF, it can be concluded that NTF is superior in Ca, Cu, Mn and K content. The reduction of minerals during autoclaving of chickpea was also observed by Alajaji and El-Adawy [29] .
Tagliatelle production had no significant effect on pasta mineral content in comparison to the flour samples. The negligible increase in minerals during pasta production can be addressed to minerals from tap water used for tagliatelle production (Table 1) .
Cubadda et al. [30] emphasized that the increase in minerals during pasta making resulted from minerals present in water used for dough preparation and equipment used in the pasta making process.
Although both whole buckwheat flour (NBF and TBF) had higher mineral content in comparison to WWF, the enrichment of tagliatelle formulation using NBF and TBF led to the significant increase (p < 0.05) in some minerals (Ca, Mg, Zn and Fe) only at the higher level of substitution (20 and 30%) with NBF (Table 1) .
Since the nutritional benefit of some nutrient can be achieved if it is available at the time of consumption, a decline of mineral content occurring during pasta cooking should be as small as possible. There are studies examining influence of different cooking approaches and effects of specific medium on mineral content [31] . In the present study, tagliatelle was cooked in distilled water without salt addition in order to identify mineral content influenced only by buckwheat flour enrichment.
Although Manthey and Hall [32] and Nedeljković et al. [33] reported detrimental effect of cooking on the content of K, Cu and Zn, in our study only the distinct reduction of K content was noticed in all cooked tagliatelle samples by about 50%, while the contents of Zn, Fe and Ca were higher by about 11, 10 and 16% in cooked NBF-containing tagliatelle, respectively, and by about 19, 6 and 4% in cooked TBF-containing tagliatelle, respectively. The loss of K might be related to the loss of water soluble albumin during cooking [32] . Calcium increase reported in some studies [30] was a consequence of pasta cooking in tap water with or without salt addition. However, considering that tagliatelle in this study was cooked in distilled water without salt addition, the increased content of Ca can be explained as a result of leaching of starch and soluble proteins, which resulted in changed proximate composition of cooked tagliatelle [19] .
According to the obtained results, it seems that the enrichment of tagliatelle formulation with NBF and TBF was only useful in the case of NBF-containing tagliatelle, which possessed significantly higher (p < < 0.05) content of Mg, Zn, Mn and Fe after cooking compared to the cooked control sample. Mineral content of all cooked TBF-containing tagliatelle samples was at the level of the control sample indicating that autoclaving did not improve the mineral content of the final products.
Phytic acid content
Phytic acid content of flour and tagliatelle samples is presented in Table 1 . Both whole buckwheat flour samples (NBF and TBF) had significantly lower (p < 0.05) PA content compared to whole wheat flour (WWF). Bilgiçli [24] reported opposite results but comparing wholegrain buckwheat flour (without hulls) Table 1 . Phytic acid (PA) and mineral (mg/100 g dw) content of flour, uncooked and cooked tagliatelle; means ± SD (n = 3) within a column followed by the same letter are not significantly different (p < 0.05); dw -dry weight; PA -phytic acid, WWF -whole wheat flour, NBF -non-treated whole buckwheat flour, TBF -autoclaved whole buckwheat flour; Control -whole wheat flour tagliatelle; 10NBF, 20NBF, 30NBF -10, 20, and 30 g/100 g NBF supplemented whole wheat flour tagliatelle; 10TBF, 20TBF, 30TBF -10, 20, and 30 g/100 g TBF supplemented whole wheat tagliatelle and white wheat flour. Contrary to Bilgiçli [28] , we used whole wheat flour for tagliatelle production, which is known to possess higher content of phytic acid than white wheat flour because of the bran presence [5, 34, 35] . In general, all examined flour samples can be considered as flour types with low phytic acid content. PA content of whole wheat flour is comparable with data published by Febles et al. [8] who analysed PA content of 100 different types of whole wheat flour and determined that 9% of the samples were with low phytic acid content (400-600 mg/100 g) and 33% were with moderate phytic acid content (600-800 mg/100 g). However, there are many results of PA content of whole wheat flour which are superior to ours (960-2200 mg/100 g by García-Estepa et al. [35] ; 4491 mg/100 g by Frontela et al. [36] ). PA content of both examined whole buckwheat flour types was lower than that reported by other researchers (920--1620 mg/100 g by Greiner and Konietzny [37] ; 1565 mg/100 g by Bilgiçli [28] ). In addition to application of different analytical methods, the differences in PA content may result from using different milling fractions and even different milling procedures [19] . For instance, Steadman et al. [19] reported that flour obtained by milling whole grains with intact achene contains higher content of phytic acid (694 mg/100 g) than flour obtained from dehulled and milled whole grains (194 to 380 mg/100 g). On the contrary, bran from first dehulled whole grain possesses higher PA content (from 3487 to 3833 mg/100 g) than bran from grain milled with hulls (2687 to 3807 mg/100 g). Genetics, soil type, year, fertiliser application, environmental fluctuation, and even particle size may contribute to the differences in PA content [19, 35] .
Tagliatelle production, that implies extrusion of dough and drying, did not influence PA content of all investigated tagliatelle samples, with the exception of the control sample, which possessed significantly lower (p < 0.05) amount of PA (Table 1) . TBF-containing tagliatelle samples had slightly lower PA content (6-28%) than their NBF-containing counterparts, indicating that autoclaving is able to hydrolyse phytates. Namely, phytase is inactive in dry seeds, but during autoclaving seeds are steamed and moistened and, therefore, phytase can be activated [38] . Phytic acid content reduction caused by autoclaving was also reported by Avanza et al. [24] , Demir et al. [39] , Ertaş [40] and Shimelis et al. [41] . Moreover, reduction of phytate content may be a consequence of protein reduction during autoclaving since phytate forms strong complexes with some proteins [4] . Although some authors reported about phytase inactivation at temperature above 80 °C, our results correspond with the finding of Ma and Shan [38] , who discovered that the loss of phytase activity was no more than 13.6% when wheat was heated at 100 °C for 1 h.
Relatively low increase in PA content of maximum 23% (19.3-23% in NBF-and 18.5-21% in TBF--containing tagliatelle samples) was observed during pasta cooking. Comparing cooked NBF-containing tagliatelle samples with those made with TBF, it can be concluded that autoclaving of buckwheat achenes prior to tagliatelle production resulted in pasta with lower PA content (5-16%, Table 1 ). The registered increase in PA content of cooked pasta samples compared to dry ones may be addressed to leaching of some pasta components, first of all starch and proteins [17] , that result in obtaining new material balance of the food components.
Mole ratios
Although buckwheat bran is a good source of minerals, the presence of phytic acid could reduce their absorption [19] . The amount of each mineral provided by a standard serving size of produced tagliatelle (80 g of the uncooked product) was calculated and compared with the population reference intake (PRI) established by European Scientific Committee for Food (1993) and with recommended dietary allowance (RDA) established by U.S. Food and Nutrition Board (http://www.nutri-facts.org/eng/minerals, Table  2 ). All examined tagliatelle types can be considered as a valuable source of Mg, Fe and Zn, wherein buckwheat-containing tagliatelle, especially those with NBF, was generally assessed as a better source of minerals compared to the control sample. However, the obtained amounts of minerals should be considered as approximate indicators of mineral intake due to the presence of phytates, which greatly affect bioavailability of the present minerals.
The inhibitory effects of phytic acid on mineral bioavailability have been extensively investigated [36] . The negative effects of phytic acid should be discussed not only over the content of phytic acid, but also through the mole ratios of phytic acid and mineral. The mole ratios, which indicate the adequate Zn, Fe and Ca bioavailability, are given in Table 3 . Ratios above the proposed critical values indicate that the bioavailability of the mineral is low and highly affected by the phytate content.
Regarding the PA/Zn ratio, the produced tagliatelle samples showed moderate to low Zn bioavailability, since molar ratio for all examined samples was in the range from 15 to 20. According to the WHO (Table 3) , it seems that zinc absorption from all analyzed cooked tagliatelle samples could not be inhibited by the presence of phytic acid since molar ratio was below critical value (< 200). None of the analyzed tagliatelle samples showed mole ratio of PA/Fe and PA/Ca below appropriate critical values (PA/Fe < 1; PA/Ca < 0.24) indicating that phytate level is likely to decrease the iron and calcium absorption. Within cooked tagliatelle samples, the control sample showed the highest PA/Fe mole ratio (5.92), while NBF-containing tagliatelle had lower mole ratio compared to their TBF-containing counterparts (Table 3 ). These findings indicate that autoclaving is likely to deteriorate iron bioavailability, which is in agreement with Alajaji and El-Adawy [29] .
CONCLUSION
Both whole buckwheat flour (NBF and TBF) possess significantly higher (p < 0.05) content of Ca, Mg, Zn, Cu, Mn, Fe and K compared to whole wheat flour (WWF). The supplementation of tagliatelle formulation is effective only in the NBF-containing tagliatelle, which possesses significantly higher (p < 0.05) content of Mg, Zn, Mn and Fe after cooking compared to the cooked control sample. Autoclaving of buckwheat achenes prior to tagliatelle production does not improve mineral content of cooked pasta. On the other hand, autoclaving significantly reduces (p < 0.05) PA content of cooked TBF-containing tagliatelle samples compared to cooked NBF-containing tagliatelle samples and the control sample. Therefore, this type of pre-treatment represents a promising strategy for modifying PA content in pasta production. Furthermore, the mineral bioavailability defined through mole ratio of mineral to phytate content is slightly improved in buckwheat-containing tagliatelle samples, but it still remains at low level. However, based on the results, zinc absorption is not inhibited by phytate content since molar ratio PA×Ca/Zn is below critical value (< 200) for all cooked tagliatelle samples.
